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@ Process for the preparation of poiybutylene terephthalate polymer, having excellent resistance to 
hydrolysis. 

® To provide a process for economically and efficiently preparing a poiybutylene terephthalate polymer having 
a high degree of polymerization and a reduced terminal carboxyl group content so as to be extremely resistant 
to hydrolysis. 

A process, for the preparation of a poiybutylene terephthalate polymer, wherein the polymerization in a 
molten state is suspended in a stage wherein the reaction mixture exhibits an intrinsic viscosity ranging from 0.1 
to 0.55 dl/g, and the reaction mixture is solidified by cooling to obtain an intermediate polymer, which is 
subjected to solid phase polymerization at 180 to 210*C, whereby a polymer having an intrinsic viscosity of 0.6 
dl/g or above can be obtained. 
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[Field of the Invention] 

. The present invention relates to a process for preparing a polybutylene terephthalate polymer having a 
reduced terminal carboxyl group content by solid phase polymerization. 

5 

[Description of the Related Art] 

A polybutylene terephthalate resin is a representative general-purpose engineering plastic which is 
excellent in mechanical, thermal, electrical and long-term properties and so forth, and therefore has 

10 frequently been used as functional parts in mechanical, electrical and electronic fields and other industrial 
fields. However, this resin is problematic In resistance to hydrolysis, so that one excellent in resistance to 
hydrolysis has recently been required In some fields. For improving the resistance of the resin to. 
hydrolysis, It Is effective to reduce the termrnaj carboxyl group content thereof. 

It has been a practice in the prior art to prepare polybutylene terephthalate by a process which 

75 comprises conducting the transesterification of butanediol with dimethyl terephthalate or the esterification of 
butanediol with terephthalic acid to form an intermediate substantially consisting of bis(5-hydloxy butyl) 
terephthalate and melt-polycondensing this intermediate under a reduced pressure into an objective 
polymer having a degree of polymerization suitable for molding (i.e., a polymer having an intrinsic viscosity 
of 0.6 to 1.5 dl/g). or a process which comprises cooling a polymer prepared by melt polycondensation and 

20 having an intrinsic viscosity of 0.6 to 0.8 dl/g to conduct solidification and subjecting the obtained solid 
polymer to solid phase polymerization at a temperature below the melting point of the polymer to form a 
polymer having an enhanced degree of polymerization (I.e., a polymer having an intrinsic viscosity of 0.8 to 
1 .5 dl/g). These processes, however, failed in reducing the terminal carboxyl group content of polybutylene 
terephthalate sufficiently.. Further, there are known methods of adding an agent that can block the terminal 

25 - carboxyl group or one that can reduce the terminal carboxyl group content, but the presence of such an 
agient is liable to exert an adverse effect on the stability of the polymer unfavorably. 

[Summary of the invention] 

30 The present Inventors have extensively studied for the purpose of solving the above problems of the 
prior art to develop a process for economically and efficiently preparing a polybutylene terephthalate 
polymer excellent In resistance to hydrolysis, and as a result of the studies, they have found that an 
objective polybutylene terephthalate polymer having a reduced termlnar carboxyl group content and a 
sufficiently high molecular weight can be prepared by suspending the polymerization for preparing a 

35 polybutylene terephthalate polymer in a molten state in a stage wherein the reaction mixture has too low a 
degree of polymerization to be molded conventionally, solidifying the reaction mixture by cooling, and 
thereafter subjecting the solid reaction mixture to solid phase polymerization. The present invention has 
been accomplished on the basis of this finding. 

Namely, the present invention relates to a process for the preparation of a polybutylene terephthalate 

40 polymer, characterized by suspending the polymerization for preparing a polybutylene terephthalate 
polymer in a molten state in a stage wherein the reaction mixture exhibits an intrinsic viscosity ranging from 
0.1 to 0.56 dl/g, solidifying the reaction mixture by cooling to obtain an intermediate polymer, and 
subjecting the intermediate polymer to solid phase polymerization at 180 to 210 to form a polymer 
having an Intrinsic viscosity of 0.6 dl/g or above. 

46 

[Detailed Description of the Invention] 

. • , • . ' ■ 

The process according to the present invention will now be described in detail. 

As described above, the process of the present invention is characterized in that the polymerization for 
50 preparing a polybutylene terephthalate polymer In a molten state Is suspended in a stage therein the 
intermediate polymer prepared by the polymerizatiori exhibits too low a degree of polymerization to be 
molded conventionally and thereafter the intermediate polymer is solidified by cooling and subjected to 
solid phase polymerization. 

In carrying out the present invention, the polymerization In a molten state must be suspended In a stage 
55 wherein the intermediate polymer exhibits an intrinsic viscosity of 0.1 to 0.55 dl/g. When the polymerization 
in a molten state is suspended in a stage wherein the intermediate polymer exhibits an intrinsic viscosity of 
lower than 0.1 dl/g, the solid phase polymerization must be conducted at a lowered temperature because of 
the low melting point of the intermediate polymer to result in an extremely low rate, taking a prolonged time 

2 
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to prepare the objective polymer. On the other hand, when it is suspended in a stage wherein the 
internnediate polymer exhibits an intrinsic viscosity exceeding 0.55 dl/g, the intermediate polymer in itself 
exhibits too high a terminal carboxyl group content to give a polymer excellent in resistance to hydrolysis 
even by solid phase polymerization, and the intermediate polymer is reduced in reactive terminal group 

5 content to result in slow solid phase polymerization. Accordingly, the intrinsic viscosity of the Intermediate 
polymer to be subjected to the solid phase polymerization according to the present invention is restricted 
within the above range, preferably within the range of 0.2 to 0.5 dl/g. \ 

Further, it is preferable that the intermediate polymer have a terminal carboxyl group content of- 20 
equivalents/10^ g or below, still preferably 15 equivalents/10^ g or below, When the intermediate polymer 

70 has too high a terminal carboxyl group content, it will be difficult to prepare a polybutylene terephthalate 
resin excellent in resistance to. hydrolysis even by solid phase polymerization. 

In this specification, all intrinsic viscosity values of polybutylene terephthalate are determined by the 
use of o-chlorophenyl as the solvent at 25'C. 

According to the present invention, the above intermediate polymer is then solidified by cooling and 

75 thereafter subjected to solid phase polymerization. When the solid phase polymerization is conducted at a 
temperature lower than 180*C, the polymerization rate will be low. substantially failing in the economical 
preparation of the objective polymer. On the other hand, the solid phase polymerization at a temperature 
exceeding 210 "0 will cause significant fusion among the intermediate polymer particles during the 
polymerization, resulting in troublesome operation. Accordingly, the temperature of the solid phase poly- 

20 merization must be 1 80 to 21 0 • C, preferably 1 85 to 205 "0. 

Further, the rate of the solid phase polymerization can be remarkably enhanced by subjecting the 
intermediate polymer thereto in a pulverized state, by which the objective polymer can be prepared in a 
short time economically advantageously. The intermediate polymer may be so pulverized as to pass 
through a Srmesh screen. Furthermore, it is preferable from the standpoint of a simplified operation that the 

25 intermediate polymer be so pulverized as to pass through a 20-mesh screen (0.841 mm), because the 
polymerization in such a state proceeds at a uniform rate to give a stable polymer. 

In carrying out the present invention, the intermediate polymer may be prepared by the conventional 
melt polycondensation method. More precisely, it may be prepared by conducting the.transesterification of 
butanediol with dimethyl terephthalate or. the esterificatlon of butanedloi with terephthalic acid in the 

30 presence or; absence of a polymerization catalyst such as a titanium compound, and subjecting the reaction 
mixture to nrtelt-polycondesation under a reduced pressure at, e.g., 200 to 260 • C. 

Further^ithe method for pulverizing the intermediate polymer is not particularly limited, but may be any 
of the conventional ones such as the strand method or the pelletizing method such as underwater 
pelletizihg. Furthermore, when the intermediate polymer has too low a viscosity to be pelletized, it may he 

35 cooled and thereafter pulverized into an objective particle size by a commercially available ball mill, 
hammer mill or air pulverized, though the method for the pulverization is not particularly limited. 

The siolid phase polymerization of the intermediate polymer may be conducted either under a reduced 
pressure or in an atmosphere of an inert gas such as nitrogen by the heat transfer method using a heating 
medium, heater or the like, the induction heating method using a high-frequency wave or a combination of. 

40 them. The equipment for the solid phase polymerization may be substantially any one in which the 
polybutylene terephthalate intermediate polymer can be retained at a predetermined temperature for a 
predetermined residence time and which permits the removal of . a by-product such as butanediol or 
tetrahydrofuran. Examples of such equipment include reactors having a fixed, fluidized or moving bed, and 
in particular, a reactor of a vertical hopper dryer type or one of horizontal paddle dryer type is used in many 

45 cases. 

The term "polybutylene terephthalate polymer" used in this specification includes not only polybutylene 

terephthalate homopolymers but also copolyesters mainly comprising butylene terephthalate units, e.g., 
copolyester resins in which at least 60% by weight of all the repeating units are butylene terephthalate 
units. 

6o; Such copolyester resins include those comprising polybutylene terephthalate as the major component 
and units prepared from a dicarboxylic acid component such as isophthalic, adipic, sebacic, dodecanedioic, 
naphthalene.-2,6-dicarboxylic, 1 ,4-cyclohexanedicarboxylic, succinic or glutaric acid and a glycol component 
such as triethylene glycol, diethylene glycol, cyclohexane-1 ,4-dimethanol, pentaerythritol or polyethylene 
glycol as. the minpr component. 

55 As described above, the process of the present Invention enables the preparation of a polybutylene 
terephthalate polymer having an intrinsic viscosity of 0.6 dl/g or above and a terminal carboxyl group 
content of 20 equivalents/10^ g or below, preferably 15 equivalents/10^ g or below, i.e., one which has a 
high degree of polymerization and is excellent in resistance to hydrolysis. In this specification; the terminal 

3 
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carboxyl group content is one deternnined by the known Paul method. 

As will be understood fronn the following exanr\ples. the process of the present invention enables the 
. economical and. efficient preparation of a polybutylene terephthalate polymer which has a high degree of 
polymerization and which is extremely reduced in terminal carboxyl group content and is excellent in 
5 resistance to hydrolysis. 

[Example] 

The present invention will now be described in detail by referring to the following Examples, though the' 
10 present invention is not limited to them. 

- Example 1 • 

0.08 past by weight of tetrabutyl titanate as a catalyst was added to a mixture comprising 100 parts by 
75 weight of dimethyl terephthalate and 56 parts by weight of 1,4-butanediol. The obtained mixture was treated 
according to the conventional transesterification method and thereafter melt-polycondensed to give a 
polybutylene terephthalate intermediate polymer., having an intrinsic viscosity (IV) of 0.36 dl/g. This 
intermediate polymer was examined for terminal carboxyl group content. 

Then, the polybutylene terephthalate Intermediate polymer was pulverized to a particle size of 7 mesh 
20 or smaller and subjected to solid phase polymerization under the conditions of ISO^C and 1 mmHg for 6 
hours. The obtained polybutylene terephthalate polymer was examined for intrinsic viscosity (IV) and 
terminal carboxyl group content. 

The results, are given in Table 1. 

25 Example 2 

0.08 part by weight of tetrabutyl titanate as a catalyst was added to a mixture comprising 100 parts by 
weight of dimethyl terephthalate and 56 parts by weight of 1,4-butanediol. The obtained mixture was treated 
according to the conventional transesterification method and thereafter melt-polycondensed to give a 
30 polybutylene terephthalate intermediate polymer having an intrinsic viscosity (IV) of 0.36 dl/g. This 
intermediate polymer was examined for terminal carboxyl group content. 

Then, the polybutylene terephthalate Intermediate polymer was pulverized to a particle size of 20 mesh 
or smaller and subjected to solid phase polymerization under the conditions of 190'C and 1 mmHg for 6 
hours. The obtained polybutylene terephthalate polymer was examined for intrinsic viscosity (IV) and 
35 terminal carboxyl group content. 

The results are given in the Table 1 . 

Example 3 

\ . 

40 0.08 part by weight of tetrabutyl titanate a$ a catalyst was added to a mixture comprising 100 parts by 
weight of dimethyl terephthalate and 56 parts by weight of 1,4-butanediol. The obtained mixture was treated 
according to the conventional transesterification method and thereafter melt-polycondensed to give a 
polybutylene terephthalate intermediate polymer having an intrinsic viscosity (IV) of 0.44 dl/g. This 
Intermediate polymer was examined for terminal carboxyl group content. 

45 Then, the polybutylene terephthalate intermediate polymer was pulverized to a particle size of 7 mesh 
or smaller and subjected to solid phase polymerization under the conditions of 200 and 1 mmHg for 6 
hours. The obtained polybutylene terephthalate polymer was examined, for intrinsic viscosity (IV) and 
terminal carboxyr group content. 

The results are given in the Table 1 .. 

50 

Example 4 . ■ 

0.08 part by weight of tetrabutyl titanate as a catalyst was added to a mixture comprising 100 parts by 
weight of dimethyl terephthalate and 56 parts by weight of 1,4-butanediol. The obtained mixture was treated 
55 according to. the conventional transesterification method and thereafter melt-polycondensed to give a 
polybutylene terephthalate intermediate polymer having an intrinsic viscosity (IV) of 0.22 dl/g. This 
intermediate polymer was examined for terminal carboxyl group content. 
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\ ' ' ' 

Then, the polybutylene terephthalate intermediate polymer was, pulverized to a particle size of 7 mesh 
or smaller and subjected to solid phase polymerization under the conditions of 190*C and 1 mmHg for 6 
hours. The obtained polybutylene terephthalate polymer was examined for intrinsic viscosity (IV) and 
terminal carboxyl group content. 
5 The results are given in the Table 1 . 

Example 5 

■ 0.08 part by weight of tetrabutyl titanate as a catalyst was added to a mixture comprising 100 parts by 
10 weight of dimethyl terephthalate and 56 parts by weight of 1 ,4-butanedipl. The obtained mixture was treated 
according to the conventional transesterlfication method, and thereafter melt-polycpndensed to give a 
polybutylene terephthalate intermediate polymer having an intrinsic viscosity (IV) of 0.36, dl/g. This 
intermediate polymer was examined for terminal carboxyl group content. 

Then, the polybutylene terephthalate intermediate polymer was pulverized, followed by the collection of 
75 polymer particles having a size of 5 mesh or larger. The collected polymer particles were subjected to solid 
phase polymerization under the conditions of 190'C and i mmHg for 18 hours, the obtained polybutylene 
terephthalate polymer was examined for intrinsic viscosity (IV) and terminal carboxyl group content. . 
The results are given in the Table 1 . . 

20 Comparative Example 1 

0.08 part by wieight of tetrabutyl titanate as a catalyst was added to a mixture comprising 100 parts by 
weight of dimethyl terephthalate and 56 parts by weight of 1 ,4rbutanedlol. The obtained mixture was treated 
according to the conventional transesterlfication method and thereafter melt-polycondensed to give a 
25 polybutylene terephthalate intermediate polymer having an intrinsic viscosity (IV) of 0.58 dl/g. This 
iritermediate polymer was examined for terminal carboxyl group content. 

Then, the polybutylene terephthalate intermediate polymer was pulverized to a particle size- of 7 mesh 
or smaller and subjected to solid phase polymerization under the conditions of 190*C and 1 mmHg. The 
obtained polybutylene terephthalate polymer was examined for intrinsic viscosity (IV) and temnlnal carboxyl 
30 group content. 

The results are given in the Table 1 

Comparative; Example 2 

35 0.08 part by weight of tetrabutyl titanate as a catalyst was added to a mixture comprising TOO parts by 
weight of dimethyl terephthalate and 56 parts by weight of 1 ,4-butanediol. The obtained mixture was treated 
according to the conventional transesterification method and thereaftier melt-polycondensed to give a 
polybutylene terephthalate polymer having an intrinsjic viscosity (IV) of 0.78 dl/g. This polymer was 
examined for terminal carboxyl group content. ■ 

AO The result is given in the Table 1. 
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55 Claims 



1. A process for the preparation of a polybutylene terephthalate polynner, characterized by suspending the 
polymerization. for preparing a polybutylene terephthalate polymer in a molten state in a stage wherein 
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* • • 

the reaction mixture exhibits an intrinsic^ viscosity ranging from 0.1 to 0.55 dl/g, solidifying the reaction 
mixture by cooling to obtain an intermediate polymer, and subjecting the intermediate polymer to solid 
phase, polymerization at 180 to 210 to form a polymer haying an intrinsic viscosity of 0,6 dl/g or 
above. . . 

5 . • 

2- The process for the preparation of a polybutylene terephthalate polymer as set forth in claim 1 , wherein 
the intermediate polymer to be subjected to solid phase polymerization is one having a particle size of 
5 mesh or smaller. . 

10 3. The process for the preparation of a polybutylene terephthalate polymer as set forth in claim 1 , wherein 
the intermediate polymer Is one having a terminal carboxyl group content of 20 equivalents/10^ g or 
below. 

4. The polybutylene terephthalate polymer prepared by the process as set forth in claim 1. which has a 
75 terminal carboxyl. group content of 20 equivalents/10^ g or below. 
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